Objective: To examine the relationship between immunological variables and the different types and severity of malnutrition in Ghanaian children. Design: Case-control study. Setting: The study was done at Princess Marie Louise Hospital, Accra, Ghana. Subjects: One hundred and seventy children, aged 8±36 months, were recruited at the clinical ward and public health service section of the hospital: 61 normal children, 49 moderately malnourished (underweight) children and 60 severely malnourished children (19 kwashiorkor, 30 marasmus, and 11 marasmic kwashiorkor children). Method: The children underwent clinical observations, anthropometric measurements and blood sampling for biochemical analysis to evaluate their nutritional and immunological status. Serum immunoglobulins (IgA subclasses, IgG subclasses and IgM), complements (C3 and C4) and lymphocyte subpopulations (T cells, B cells, CD4 , CD8
Introduction
Protein energy malnutrition (PEM) is an important cause of immunocompetence impairment and consequently PEM can result in illness and death due to infectious disease (Chandra, 1992a) . The impairments are seen in several aspects of immunity such as cell-mediated immune responses, secretory IgA antibody production, phagocyte function, the complement system, and antibody af®nity and production (Chandra & Kumari, 1994) . These ®ndings have been supported by many studies on experimental animals and human subjects including adults, infants and children (Chandra, 1992b; Keusch, 1990) . Since host immunity is an important protective mechanism against microorganisms, an assessment of immunocompetence has been recognized as being a logical approach to evaluating nutritional status (Chandra, 1981) .
Serum levels of various immunoglobulins, complements, and lymphocytes subpopulations are frequently determined to assess the status of humoral and cell mediated immunity. Although there has been general consensus about the impairment of immunocompetence in malnutrition, the response of each immunological variable to malnutrition has been variously reported to be depressed, normal or elevated in different studies (Gupta, 1993; Watson et al, 1985; Ozkan et al, 1993; Amesty-Valbuena et al, 1996; Spirer et al, 1981; Kramer & Good, 1978) . These inconsistencies are probably due to different methodology applied or experimental background including differences in the severity and types of malnutrition, the existence of micronutrient de®ciencies, and the existence of hidden infectious diseases or in¯ammatory conditions.
It is necessary to clarify characteristics of these immunological variables in malnutrition so that they could be more widely used in nutritional assessment. In view of this point, we conducted this study to examine the relationships between immunological parameters and nutritional status with focus on the different types and severity of PEM.
In addition, although there are several studies examining serum levels of IgA and IgG in malnourished children, as well as other immunoglobulins, there are few studies examining how each IgA and IgG subclass responds to mild and severe malnutrition or different types of malnutrition. We, therefore, added these parameters to this assay to obtain further information about the response of serum immunoglobulin levels to malnutrition.
Method

Subjects
Data was collected at the Princess Marie Louise (PML) Hospital in Accra, Ghana, from April to October in 1994. The target population consisted of children aged 8±36 months who had been admitted with various degrees of PEM at the PML Hospital, as well as nutritionally normal children and moderately malnourished children attending the public health service section of the same hospital. The consent of the parent or guardian to allow his or her child to participate in the study was sought. When the parents or guardians consented to participation, the children underwent a clinical observation and anthropometric measurements and had blood withdrawn for biochemical tests for assessing nutritional status and immunological status. 97% of the parents or guardians gave their consents. Selection for severely malnourished children was made only from those admitted to the hospital within the previous 7 d and who lived in urban communities in Accra. Children who were diagnosed as having apparent complications of infectious diseases were excluded from the study. The clinical sign for the exclusion were mainly fever de®ned as the body temperature over 37.5 C, diarrhea de®ned as over three times of episode of loose stool, or respiratory tract symptom with injection of throat or any rales in lung ®eld by auscultation. The number of those people were two (3.2%) in the normal children, three (5.8%) in the underweight children and nine (13.0%) in the severely malnourished children. The study was conducted following the policy of the University of Ghana for biomedical research dealing with human subjects.
One hundred and seventy-seven subjects were recruited during the study period, and ®ve study groups, 61 normal children, 49 underweight children, 19 kwashiorkor children, 30 marasmus children and 11 marasmic kwashiorkor children, were formed according to the Wellcome classi®-cation (Wellcome Trust Working party, 1970) ; data for seven children were removed from the data analysis since they could not be classi®ed into any categories of this classi®cation because of their normal body weight and edema. The reference from the United States National Center for Health Statistics (NCHS) was used for the classi®cation of different types of malnutrition and calculation of z-score (WHO, 1983) . The normal group consisted of children with ! 80% weight-for-age (WaA) of the NCHS reference data, the underweight group with 60± 80% WaA, and the kwashiorkor group with 60±80% WaA and presence of edema, the marasmus group with 60% WaA and no edema and marasmic kwashiorkor group with`60% WaA and presence of edema. Underweight corresponded to moderate malnutrition and kwashiorkor, marasmus and marasmic kwashiorkor to severe malnutrition. Summary data of anthropometric measurements, body weight and height, and z-scores of weight-forage, height-for-age and weight-for-height are shown in Table 1 .
Sample analysis
Immediately after withdrawal, the blood was divided into two portions: the ®rst one was treated with EDTA for determination of lymphocyte subpopulation, and the second one was centrifuged to get serum for biochemical analysis including immunoglobulins. The samples were then transported to the laboratory of the Noguchi Memorial Institute for Medical Research, the University of Ghana, Accra, for analyses.
For the assessment of nutritional status, particularly protein-nutrition status, serum total protein, albumin, prealbumin, retinol-binding protein, and transferrin were determined. For prediction of the extent of severity of in¯ammation, C-reactive protein (CRP) was determined. In addition, immunoglobulins (IgA and IgG subclasses, and IgM) and complement (C3 and C4 complements) were measured to examine the response of humoral immunity to malnutrition, and the proportions of lymphocyte subpopulations (T cells, B cells, CD4 , CD8 , NK cells, and HLADR cells) were measured to examine cell mediated immunity in malnutrition. The absolute number of lymphocyte subpopulations was not measured because of technical reasons. Of these parameters, total protein, albumin, IgM, CRP, C3 and C4 were determined by an automated clinical chemistry analyzer (Super Z818, Mitsubishi Corporation, Lymphocyte subpopulations were analyzed by FACScan Flowcytometer (Becton-Dickinson, Mountain View, CA, USA). Sample preparation was performed by a standard lysed whole blood method. In brief, 100 ml of anticoagulated whole blood was incubated with each combination of antibodies for 20 min at room temperature, protected from the light. Red cells were lysed for 15 min with FACS lysing solution. After being washed twice with PBS, samples were ready for¯ow cytometric analysis. The following combinations of monoclonal antibodies conjugated to¯uorescein isothiocyanate (FITC) or Phycoerythrine (PE) (Becton Dickinson Immunocytometory System, San Jose, CA, USA) were used, including (1) control (mouse IgG 1 -FITC and IgG 2 -PE); (2) CD3 aCD19
aCD8 (Leu3a-FITC and Leu2a-PE); (4) CD3
aHLA-DR (Leu4-FITC and HLADR-PE); and (5) CD3 aCD16 56 (Leu4-FITC, Leu 11c-PE and Leu19-PE). On every occasion of analysis, FACScan was calibrated with CALIBRITE beads and AutoCOMP software. 5000 cells per sample were acquired and analyzed using LYSIS II software.
Statistics
SPSS and PC-SAS
were used to analyze the data. Group means of anthropometric measurements and biochemical and immunological parameters were compared among the groups of normal, underweight, kwashiorkor, marasmus and marasmic kwashiorkor children using analysis of variance for age and analysis of covariance with age as the covariate for the other variables. When there was no correlation between age and the response variable, group means were tested for signi®cant difference at a`0.05 with Tukey's test. When there was a correlation between age and other variables, group means were compared using the least squares means option the GLM procedure in PC-SAS. A P-value of 0.05 or less was considered statistically signi®-cant. In order to clarify the relationships between nutritional status and the anthropometric, biochemical and immunological variables, factor analysis (with varimax rotation) was performed on the outcome variables, and the resulting factors were also examined with analysis covariance.
Results
Biochemical parameters
The mean concentrations of serum total protein, albumin, prealbumin, retinol-binding protein (RBP), and transferrin are shown in Table 2 . The values of these proteins, except for RBP, were signi®cantly lower in the severely malnourished (the kwashiorkor, marasmus and marasmic kwashiorkor) groups than in the normal and underweight groups (P`0.05), indicating that these groups showed protein malnutrition. There were no signi®cant differences in the RBP levels among all the groups.
C-reactive protein
Under normal conditions, the value is expected to be less than 0.6 mga100 ml (Tejani et al, 1995) . The normal and the underweight groups showed mean values of 0.4 and 0.5 mga100 ml respectively, while the malnourished, particularly the kwashiorkor and marasmus, groups showed signi®cantly higher values of about 1.9 mga100 ml ( Table  2 ). The value of the marasmic kwashiokor group tended to be high, but there were no signi®cant differences from those of the other groups.
Immunoglobulins
The serum levels of IgA 1 and IgA 2 tended to be higher in the malnourished, particularly the marasmic kwashiorkor (P`0.05), group than in the normal group, but there was no statistical signi®cance among the normal, underweight, kwashiorkor, and marasmus groups (Table 3 ). The serum concentrations of IgG 1 , IgG 2 and IgG 3 did not change with different nutritional status, but the IgG 4 level tended to be higher in the marasmic kwashiorkor group and the IgM level to be higher in the kwashiorkor group. In general, however, there was no remarkable difference in most immunoglobulin variables among the different types of malnourished groups.
Complement
The severely malnourished groups showed a decreased C3 level and an increased C4 level. There were no signi®cant differences in these values among the severely malnourished groups, the kwashiorkor, marasmus and marasmic kwashiorkor groups, and no signi®cant difference between the normal and underweight groups (Table 3) . Figure in parenthesis are maximum sample number, including number of missing data.
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Lymphocyte subpopulations
The T cells % tended to be slightly higher in the severely malnourished groups than in the normal group (Table 4) . The B cells % were adversely lower in the malnourished and underweight groups (P`0.05). The CD4 %, CD8 %, NK cells % and HLADR % and the ratio CD4 aCD8 did not differ among all the groups.
Factor analysis
The result of factor analysis is shown in Table 5 . Factor 1 is the factor with the largest loading for the index of nutritional status such as weight-for-height z-score and serum protein levels including albumin and transferrin levels. C3 is positively and highly correlated with this factor. Prealbumin, RBP, IgA 2 , IgG 1 and IgM share a common factor (Factor 4) which is having the largest loading for the serum level of C-reactive protein as an in¯ammation or infectious index: Prealbumin and RBP are negatively correlated with this factor and others are positively correlated with. IgG 3 ,
CD4
%, CD8 % and HLADR % are negatively or positively correlated with Factor 2, which show no relationship with z-score and biochemical variables. B cells % is negatively correlated with Factor 3, which is correlated positively with T cells % as well as transferrin, IgA 1 , IgA 2 , IgG 4 , C4 and CD4 %.
Discussion
Immunoglobulins Serum immunoglobulin levels in PEM have been observed to be variously elevated, normal or depressed (Watson et al, 1985; Ozkan et al, 1993; Amesty-Valbuena et al, 1996; Spirer et al, 1981; Neumann et al, 1975; McMurray et al, 1981; Sall et al, 1994) . These inconsistencies are probably due to the interplay of age, severity or types of malnutrition or history of infections in subjects. Gupta (1993) described that the age of the patient at the time of PEM appears to be an important factor to affect the level of immunoglobulin and that polyclonal hyperimmunoglobulinemia is frequent in adults and older children. This is interpreted as being probably due to frequent infection andaor parasitic infestation. In addition, previous studies of the major clinical types of severe malnutrition (namely kwashiorkor, marasmus, and combined) suggested that some aspects of the immune response are affected in different ways depending on the types of malnutrition (McMurray et al, 1981; Sall et al, 1994) . McMurray et al (1981) has reported that, in children suffering from kwashiorkor, marasmus and combined malnutrition, the improvement in clinical and nutritional status was accompanied by signi®cantly increased levels of serum IgG and IgM and by signi®cantly decreased levels of IgA, especially in the children with kwashiorkor. This suggests that IgG and IgM are decreased and IgA is increased in malnutrition, particularly in kwashiorkor. On the other hand, Sall et al (1994) have reported that kwashiorkor led to decreased concentration only in IgG and this was restored by refeeding. These two studies suggest that IgG is decreased in the children with kwashiorkor. Meanwhile, consistent results in many studies have been that IgA level is elevated in malnutrition irrespective of the type of malnutrition (Watson et al, 1985; Ozkan et al, 1993; McMurray et al, 1981) .
Our study con®rmed that the levels of serum immunoglobulins observed in this study were not affected signi®-cantly by moderate malnutrition, but those of IgA subclasses, IgA 1 and IgA 2 , were increased in severe malnutrition. In terms of IgG subclass, we could not ®nd any characteristic changes with malnutrition, except that IgG4 tended to be high in marasmic kwashiorkor. The inconsistencies between the previous and our ®ndings are probably interpreted to be a result that immunoglobulin levels are in¯uenced by other factors besides nutritional status.
IgA 1 is negatively correlated with a factor which can affect serum total protein, albumin and transferrin as biochemical parameters for nutritional assessment, but the correlation ef®ciency is not very high. On the other hand, IgA 2 , IgG 1 and IgM are positively correlated with a factor which can affect the level of CRP, as an index for infection. These data demonstrates that serum immunoglobulins level are more dependent on the severity of in¯ammation rather than differences in nutritional status.
Complement
This study showed that serum levels of C3 were signi®-cantly lower in the severely malnourished children than in the normal children, while those of C4 were conversely higher. The serum levels of various complement proteins, except for C4, have been found consistently to be lower in malnourished children than in normal children (Chandra et al, 1981; Ozkan et al, 1993; Amesty-Valbuena et al, 1996; Sirisinha et al, 1973; Suskind et al, 1976) . In particular C3 has been noted as an immunological parameter which responded remarkably to malnutrition. The reduced C3 in malnutrition has been interpreted as being due to anticomplementary serum factor, increased catabolism or decreased synthesis in the liver (McMurray et al, 1981; Suskind et al, 1976) . This idea may be partially supported by our results that indicate that the levels of C3 was parallel the levels of biochemical parameters such as total protein, albumin, prealbumin and transferrin. In addition, the C3 level is highly correlated with a factor which is strongly associated with these biochemical variables as protein nutrition indicators, but not CRP as an in¯ammation indicator. This implies that the reduced C3 level in severe malnutrition is associated with the change of protein metabolism rather than with changes in the complement system due to infection.
The low C3 level was not observed among children with mild malnutrition (underweight) in this study. Although underweight is usually categorized as being a kind of malnutrition, the underweight children seem to be quite 
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T Rikimaru et al close or similar to the normal children as far as immunoglobulin and complement levels are concerned. This is supported by the result that most of the biochemical parameters did not signi®cantly differ between the normal children and underweight children. There are several reports on serum complement levels in different types of malnutrition, the main observation being that children with kwashiorkor have lower complement levels than children with marasmus (Neumann et al, 1975; McMurray et al, 1981; Sirisinha et al, 1973) . In our study, however, the C3 level tended to be lower in the marasmic kwashiorkor group than the other severely malnourished (kwashiorkor and marasmic) groups. Two of the cited studies (Neumann et al, 1975; Sirisinha et al, 1973) did not include marasmic kwashiorkor children. The other study containing a group with the combined characteristics of both kwashiorkor and marasmus, showed that the serum C3 level was higher in this group than in the kwashiorkor group (McMurray et al, 1981) . The study showed that the serum albumin level was higher in the combined group than in the kwashiorkor group, but our study showed the opposite tendency. Judging from the results of biochemical data, the inconsistency between the results of our study and those of the previous study could be due to different severity in protein de®ciency in each group.
In terms of C4 complement, levels have been reported to be normal in the malnourished children and appear not to be affected by nutritional status (McMurray et al, 1981; Sirisinha et al, 1973) . In contrast to these previous reports, our results showed that C4 levels were actually higher in the malnourished children compared to the normal and underweight children. According to the result of a factor analysis, C4 level was positively correlated with a factor which was associated with T cells % or B cells %, indicating that the increased C4 may be affected by the change of T cells % or B cells %.
Cell mediated immunity
Cell mediated immunity in PEM has been variously reported to be impaired and to be normal (Keusch, 1990) . Ozkan et al, 1993 reported that T lymphocyte subgroups were found to be decreased in PEM when compared to control groups, but the ratio of CD4 aCD8 did not show a statistically signi®cant difference. Other studies have also shown that the number of the T cells was generally decreased in PEM (Ferguson et al, 1974; Chandra, 1977; Chandra, 1983) . In terms of B cells, studies using monoclonal antibodies have also shown decreased proportions and numbers of CD20 B lymphocytes (Garraud et al, 1987) . In contrast, in vivo studies of the T lymphocyte mitogen responses of circulation lymphocytes in both adults and children with marasmus have not demonstrated impaired proliferative capacity (Cunningham-Rundles, 1982) . In addition, Spirer et al, 1981 has reported that the proportion of T cells (T cells %) was normal in both normal and malnourished groups.
In this study, the proportions of lymphocyte subpopulations were determined in different levels of severity or types of malnutrition, but the absolute number or antibodyproducing capacity of lymphocyte subpopulations were not. Under this condition, it might be dif®cult to refer to the effect of nutritional status on the function of lymphocyte subsets, but the data of this study demonstrated that severe malnutrition affected B cells %. The B cells % was found to be signi®cantly decreased with malnutrition, implying impaired production of B cells with malnutrition. Since B cells play a role to produce immunoglobulins, the level of immunoglobulins is expected to be decreased with malnutrition. However, IgA and IgG 4 tended to be decreased in the malnourished children. This inconsistency may be partially explained by the previous observation that IgA producing B cells, which have cytotoxic function but no B cells marker, increased in malnourished children compared with well-nourished control children (Chandra, 1979) . IgG 4 is also predicted that IgG 4 producing B cells are activated with malnutrition.
Regarding the effect of types of malnutrition on lymphocyte, there has been a ®nding that kwashiorkor group showed a lower T cells % than did other malnourished groups (Keusch, 1990 ). We could not, however, con®rm any differences of the proportion of lymphocyte subpopulation among the three malnourished groups (kwashiorkor, marasmus, and marasmic kwashiorkor) in this study. This result may be in¯uenced by the limitation of sample size and the large variation in each type of malnourished group.
Conclusions
In our study, we con®rmed that the proportion of B cells was decreased in the moderately and severely malnourished children, and that C3 level was decreased and IgA 1 , IgA 2 , and C4 levels were increased in the severely malnourished children. We also con®rmed that most immunological parameters had less in¯uence by moderate malnutrition (underweight) and had a little difference among the different types of malnutrition. In addition, from the factor analysis, we found that only C3 level is highly associated with the levels of variables for protein nutrition status and anthropometric measurements.
